Direct comparison between pharmacological stress with adenosine triphosphate disodium and exercise stress myocardial perfusion imagings  by Ohba, Takayoshi et al.
Journal of Cardiology (2008) 52, 30—38
ORIGINAL ARTICLE
Direct comparison between pharmacological
stress with adenosine triphosphate disodium and
exercise stress myocardial perfusion imagings
Takayoshi Ohba (MD)a,1, Hitoshi Takano (MD)b,∗,
Toshihiro Kunimi (MD)c,2, Nobuhiko Fujita (MD)b,3,
Eitaro Kodani (MD)c,2, Kyoichi Mizuno (MD, PhD)b,3
a Department of Medicine, Nippon Medical School, Chiba-Hokusou Hospital, Chiba, Japan
b Divisions of Cardiology, Hepatology, Geriatrics and Integrated Medicine, Department of
Internal Medicine, Nippon Medical School, 1-1-5 Sendagi, Bunkyo-ku, Tokyo 113-8603, Japan
c Department of Medicine, Nippon Medical School, Tama-Nagayama Hospital, Tama, Japan
Received 10 March 2008; received in revised form 18 April 2008; accepted 21 April 2008
Available online 24 June 2008
KEYWORDS
Coronary artery disease;
Noninvasive test;
Single-photon emission
computed tomography;
Myocardial viability
Summary To clarify the signiﬁcance of adenosine triphosphate disodium stress
myocardial perfusion imaging (ATP-MPI), we directly compared the ﬁndings of ATP-
MPI with those of exercise stress myocardial perfusion imaging (Ex-MPI). ATP-MPI,
Ex-MPI, and coronary angiography (CAG) were performed within 60 days in 17
coronary artery disease patients with mean age of 62.1± 7.9 years. CAG revealed
single-vessel disease (SVD) in 10 patients and multivessel disease (MVD) in seven
patients. The summed stress score (SSS) of ATP-MPI was signiﬁcantly higher than
that of Ex-MPI (10.0 [7.8—14.3] vs. 8.0 [4—18], P < 0.05). No difference in the SSS
was observed between ATP-MPI and Ex-MPI in patients with SVD (8.0 [6.0—9.0] vs.
8.0 [6.0—10.0], NS), whereas this difference was signiﬁcant in patients with MVD
(15.0 [14.0—22.8] vs.9 [7.3—16.3], P < 0.05). There was no difference in the summed
rest score between ATP-MPI and Ex-MPI. The univariate logistic analysis showed that
‘‘MVD’’ was the signiﬁcant factor inﬂuencing to the overt discrepancy between ATP-
tio: 9.0, 95% conﬁdence interval: 1.07—75.84, P = 0.043).
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The accuracy of ATP-MPI and Ex-MPI in detecting the territory of stenotic coronary
vessel or previous myocardial infarction was 98.0% and 92.1% (NS), respectively. In
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conclusion, ATP-MPI is useful for detecting potential ischemic areas that cannot be
detected by Ex-MPI, particularly in patients with MVD.
e of Cardiology. Published by Elsevier Ireland Ltd. All rights
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Ex-MPI
Exercise stress was performed with 12-lead ECG© 2008 Japanese Colleg
reserved.
ntroduction
lthough coronary angiography (CAG) has been
stablished as a gold standard method for evalu-
ting coronary artery disease (CAD), several non-
nvasive methods such as treadmill stress testing,
yocardial perfusion imaging (MPI) using radioiso-
ope thallium and/or technetium, multislice car-
iac computed tomography, magnetic resonance
oronary angiography, and stress echocardiogra-
hy have been introduced as alternatives for
etecting CAD [1—4]. Among these examinations,
xercise stress MPI (Ex-MPI) using radioisotope thal-
ium and/or technetium is considered to be one
f the most reliable examinations [1,5—9]. On
he other hand, the pharmacological stress MPI
ith an adenosine receptor agonist is another
seful noninvasive method for screening CAD
10—12], particularly in elderly or disabled patients
ho cannot successfully complete the exercise
tress test [13]. In addition to dipyridamole or
denosine as pharmacological stress agents, adeno-
ine triphosphate disodium (ATP) has been used
or pharmacological stress MPI [14]. ATP stress
PI (ATP-MPI) is considered to detect ischemic
yocardium by evaluating the difference in the
oronary ﬂow at hyperemia caused by stimula-
ion of adenosine 2A receptors. Although both
hese methods are well established as a reli-
ble noninvasive examination for CAD, it remains
o be determined whether exercise stress and
TP stress yield identical results [15]. Therefore,
n the present study, we investigated the dif-
erence between ATP-MPI and Ex-MPI by direct
omparison of their ﬁndings obtained in same
atients.
ethods
thical committee in Nippon Medical School
pproved this study protocol. A written informed
onsent was obtained from each patient. In this
nalysis, we included 17 patients (4 females and 13
ales, mean age: 62.1± 7.9 years) who were diag-
osed to have CAD in an angiographic examination.
welve patients had typical chest pain on exertion,
our patients felt shortness of breath rather than
hest pain during exertion, and one complained of
m
i
m
tccasional epigastralgia. No patient with unstable
ngina was included. The severity of angina accord-
ng to the Canadian Cardiovascular Society (CSS)
unctional Classiﬁcation was I in 6 patients, II in 9
atients, and III in 2 patients. Previous myocardial
nfarction was present in 8 patients. All patients
eceived ATP-MPI, Ex-MPI, and CAG within 2 months
mean interval between ATP-MPI and Ex-MPI was
3± 8 days).
TP-MPI
o obtain the stress image of the ATP-MPI, ATP
as infused for 6min at a rate of 0.16mg/(kgmin)
ith 12-lead ECG monitoring. Thallium-201 (201Tl,
48MBq) or 99m-technetium methoxyisobutyl-
sonitrile (99mTc-MIBI, 740MBq) was injected 3min
fter the start of ATP infusion. Scintigraphic
cquisition was started 15min after the tracer
njection. When thallium-201 was used for the
tress imaging, the rest imaging was performed
y scintigraphic acquisition after 4 h. When tech-
etium was used for obtaining the stress image, the
est image was obtained by scintigraphic acquisi-
ion at 15min after an injection of 201Tl (148MBq) in
dvance. Single-photon emission computed tomog-
aphy (SPECT) was performed using a dual-detector
one-beam collimated SPECT system, Prism 2000XP
Picker Inc., Cleveland, OH, USA) or Prism IRIX
Philips Inc. Cleveland, OH, USA). Thirty-two pro-
ections (30 s/projection over 360◦ [180◦ × 2] in a
4× 64 matrix) were obtained from the photopeak
140 keV± 20% for 99mTc-MIBI and 68—80 keV± 20%
or 201Tl) energy windows. Tomographic recon-
truction was performed by means of a standard
ltered back-projection technique with a Butter-
orth ﬁlter cutoff of 0.2 without attenuation
r cross talk correction. These transaxial images
ere then reoriented in the short axis, vertical
ong axis, and horizontal long axis of the left
entricle.onitoring by using a bicycle ergometer with an
ncrease in work load at 3-min intervals until the
aximal tolerable load was achieved. The same
racer as that used for stress image in ATP-MPI,
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either Thallium-201 (148MBq) or 99m-technetium
methoxyisobutyl-isonitrile (740MBq), was injected
at the peak of the stress. The stress and rest
images were obtained using the same method as
described for ATP-MPI. Stress and resting cardiac
SPECT images were obtained in the same manner
as that used for ATP-MPI.
In CAG, a signiﬁcant stenosis was deﬁned as
greater than 75% stenosis of the major epicardial
coronary artery. For analyzing stress MPI, a semi-
quantitative visual interpretation was performed
with monochrome short and vertical long-axis
myocardial tomograms that were divided into
17 segments for each study [16]. These seg-
ments consisted of 6 basal, 6 midventricular,
and 4 apical segments in short-axis slices and
1 additional midventricular apical slice in the
vertical long axis. Each segment was scored by
consensus of 2 experienced observers using a
5-point scoring system (0 = normal, 1 = equivocal
reduction in radioisotope uptake, 2 =moderate
reduction in radioisotope uptake, 3 = severe reduc-
tion in radioisotope uptake, and 4 = absence of
detectable tracer uptake in a segment) [16]. A
polar map display was also produced using circum-
ferential proﬁle analysis of short-axis tomograms
for supporting the judgement. By using the 17-
segment system and the 5-point scoring system,
3 nuclear variables were deﬁned as follows: the
summed stress score (SSS), the summed rest score
(SRS), and the summed difference score (SDS),
which is the difference between the SSS and
SRS [16]. We deﬁned ‘‘reversible defect’’ as the
indication of myocardial ischemia, ‘‘incomplete
reversible defect’’ as the indication of myocar-
dial infarction plus ischemia, ‘‘ﬁxed defect’’ as
myocardial infarction, and ‘‘no defect’’ as normal
[16].
Among segments with signiﬁcant abnormal
uptake (2≥ segmental stress score) in stress
image of ATP-MPI or Ex-MPI, clinical factors that
might be inﬂuencing to the discrepant ﬁnd-
ings between ATP-MPI and Ex-MPI wrere studied,
including in ‘‘age’’, ‘‘gender’’, ‘‘dyslipidemia’’,
‘‘hypertension’’, ‘‘diabetes’’, ‘‘multivessel dis-
ease (MVD)’’, ‘‘coronary territory’’, ‘‘low exercise
capacity’’ and ‘‘CCS classiﬁcation’’. ‘‘Diabetes’’
was deﬁned as an HbA1c > 6.5% or being on treat-
ment for diabetes. ‘‘Coronary territory’’ was
deﬁned as an epicardial coronary artery (right coro-
nary artery (RCA), left anterior descending artery
(LAD), and left circumﬂex artery (LCx)) anatom-
ically corresponding to each myocardial segment
[16]. Low exercise capacity was deﬁned as an
achieved exercise load ≤50W during exercise stress
test for Ex-MPI.
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tatistical analysis
arametric data are expressed as mean± S.D. and
onparametric data are expressed as median (IQR,
nterquartile range [25th to 75th percentile]). For
omparison between ATP-MPI and Ex-MPI, paired
-test or signed rank test was used. For the inter-
roup comparison, unpaired Student’s t-test, rank
um test, Fisher’s Exact test, or Chi-square test was
sed. Factors inﬂuencing to the signiﬁcant discrep-
ncy between the ﬁndings of Ex-MPI and ATP-MPI
ere studied using univariate logistic regression
nalysis. The diagnostic accuracies of ATP-MPI
nd Ex-MPI in detecting territories with abnormal
yocardial perfusion corresponding to the ﬁndings
f CAG were compared using the McNemar test.
tatistical signiﬁcance was deﬁned as P < 0.05.
esults
he clinical characteristics of patients are shown in
able 1. CAG revealed that 7 patients had signiﬁcant
oronary stenosis (>75%) in 2 or 3 main epicar-
ial coronary arteries (MVD) and the remaining 10
atients had signiﬁcant coronary stenosis in 1 main
oronary artery (single-vessel disease (SVD)). Based
n the number of coronary arteries with stenosis,
e assigned the patients to 2 groups (SVD and MVD
roups). Clinical characteristics of the SVD group
ere similar to those of the MVD group (Table 1).
The protocol of ATP stress was completed in all
he patients. During the infusion of ATP, signiﬁcant
T segment depression was observed in II, III, aVF,
5, and V6 ECG leads in 2 MVD patients. No change
n the ECG pattern was observed in the remaining
5 patients during the ATP stress. The protocol of
xercise stress was completed with reaching 90%
f target heart rate in 8 patients (6 SVD and 2
VD patients). The exercise was stopped due to leg
atigue in 4 patients (3 SVD and 1 MVD patients),
hortness of breath in 2 MVD patients, chest pain in
patients (1 SVD and 1 MVD patients), and ST seg-
ent change satisfying the criteria for termination
0.3mV of ST segment depression) in 1 MVD patient.
t the exercise stress, the following observations
ere noted: signiﬁcant ST segment elevation in V2,
3, and V4 ECG leads in 1 SVD patient and in V4,
5, and V6 ECG leads in 1 MVD patient; ST segment
epression in II, III, aVF, V5, and V6 ECG leads in 5
atients (2 SVD and 3 MVD patients) and in II, III,
VF, V3, V4, V5, and V6 ECG leads in 1 MVD patient;
nd negative U wave in V3, V4, and V5 ECG leads
n 1 SVD patient. No signiﬁcant change in the ECG
attern was observed in the remaining 7 patients (6
VD and 1 MVD patients) during the exercise stress.
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Table 1 The clinical characteristics of study patients
Total (n = 17) SVD (n = 10) MVD (n = 7) P (SVD vs. MVD)
Age (mean± S.D., years) 62.1± 6.2 64.5± 6.2 61.5± 7.9 0.134a
Gender (male), n (%) 4 (76.4%) 8 (80.0%) 5 (71.4%) 0.864b
Previous MI, n (%) 8 (47.1%) 4 (40.0%) 4 (57.1%) 0.839b
Hypertension, n (%) 12 (70.6%) 8 (80.0%) 4 (57.1%) 0.633b
Diabetes mellitus, n (%) 7 (41.1%) 4 (40.0%) 3 (42.9%) 0.702b
Dyslipidemia, n (%) 10 (58.8%) 5 (50.0%) 5 (71.4%) 0.702b
CCS classiﬁcation 0.198b
I, n (%) 6 (35.3%) 4 (40%) 2 (28.6%)
II, n (%) 9 (52.9%) 6 (60%) 3 (42.9%)
III, n (%) 2 (11.8%) 2 (28.6%)
Exercise capacity 0.593b
50W or less, n (%) 5 (29.4%) 2(20%) 3 (42.9%)
Greater than 50W, n (%) 12 (70.6%) 8(80%) 4 (57.1%)
Coronary stenosis 0.639b
RCA, n (%) 8 (47.1%) 2 (20.0%) 6 (85.6%)
LAD, n (%) 11 (64.7%) 5 (50.0%) 6 (85.6%)
LCx, n (%) 7 (41.2%) 3 (30%) 4 (57.1%)
SVD: single-vessel disease; MVD: multivessel disease; MI: myocardial infarction; CCS classiﬁcation: Canadian Cardiovascular
Society (CSS) Functional Classiﬁcation of Angina; RCA: right coronary artery; LAD: left anterior descending artery; LCx: left
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a Unpaired Student’s t-test.
b Chi-square test.
The relationship of the SSS, SRS, and SDS
etween ATP-MPI and Ex-MPI in individual patients
nd the comparison of these scores among the SVD
roup, the MVD group, and total patients are shown
n Figs. 1—3, respectively. In the SVD group, the
SS of ATP-MPI was equivalent to that of Ex-MPI
Fig. 1). In the MVD group, the SSS of ATP-MPI was
igniﬁcantly higher than that of Ex-MPI (Fig. 1).
his difference in the SSS between ATP-MPI and Ex-
i
s
g
n
igure 1 The summed stress score (SSS) of 17 segments in ade
maging (ATP-MPI) and exercise stress myocardial perfusion
lotted. Open circles and diamond dots indicate the scores of
isease (MVD), respectively. The dashed line indicates y = x,
he comparison of the SSS between ATP-MPI and Ex-MPI amo
P < 0.05 vs. Ex-MPI (signed rank test). A bar indicates medianPI was also observed in the comparison of total
atients (Fig. 1). The SRS of ATP-MPI was almost
dentical to that of Ex-MPI, irrespective of the num-
er of coronary arteries with stenosis (Fig. 2). The
DS of ATP-MPI did not differ from that of Ex-MPI
n the SVD group, whereas the SDS of ATP-MPI was
igniﬁcantly higher than that of Ex-MPI in the MVD
roup (Fig. 3). In total patients, this difference was
ot statistically signiﬁcant (Fig. 3).
nosine triphosphate disodium stress myocardial perfusion
imaging (Ex-MPI). In the left panel, individual score is
patients with single-vessel disease (SVD) and multivessel
which facilitates interpretation. The right panel shows
ng the SVD patients, MVD patients, and total patients.
value.
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Figure 2 The summed rest score (SRS) of 17 segments in adenosine triphosphate disodium stress myocardial perfusion
imaging (ATP-MPI) and exercise stress myocardial perfusion imaging (Ex-MPI). In the left panel, individual score is
plotted. Open circles and diamond dots indicate the scores of patients with single-vessel disease (SVD) and multivessel
= x,
ng th
i
o
P
v
s
p
sdisease (MVD), respectively. The dashed line indicates y
the comparison of SRS between ATP-MPI and Ex-MPI amo
indicates median value.
Of the 289 myocardial segments in all the
patients, 66 myocardial segments had moderately
or more severely reduced radioisotope uptake
(segmental score in stress image≥ 2) in Ex-MPI
or ATP-MPI. Among those 66 myocardial seg-
ments, 10 segments were found to have signiﬁcant
discrepancy of the segmental difference score
between ATP-MPI and Ex-MPI ([segmental differ-
ence score in ATP-MPI]− [segmental difference
score in Ex-MPI]≥ 2). The segments with signiﬁcant
discrepancy were mostly observed in patients with
MVD. The univariate logistic analysis of the factors
3
a
i
(
Figure 3 The summed difference score (SDS) of 17 segment
perfusion imaging (ATP-MPI) and exercise stress myocardial p
score is plotted. Open circles and diamond dots indicate the
multivessel disease (MVD). The dashed line indicates y = x, wh
comparison of SDS between ATP-MPI and Ex-MPI among the S
vs. Ex-MPI (signed rank test). A bar indicates median value.which facilitates interpretation. The right panel shows
e SVD patients, MVD patients, and total patients. A bar
nﬂuencing to the signiﬁcant discrepancy showed
nly ‘‘MVD’’ has a high odds ratio with signiﬁcant
-value (Table 2).
CAG of the 17 patients revealed that of the 51
essels of coronary arteries, there were 28 ves-
els with signiﬁcant coronary stenosis (>75%) and 2
reviously revascularized vessels that were respon-
ible for previous myocardial infarction. Of these
0 vascular territories, which showed potential
bnormal myocardial perfusion imaging, ATP-MPI
dentiﬁed 1 territory (3.3%) as normal, 16 territories
53.3%) as ischemia, 6 territories (20%) as myocar-
s on adenosine triphosphate disodium stress myocardial
erfusion imaging (Ex-MPI). In the left panel, individual
scores of patients with single-vessel disease (SVD) and
ich facilitates interpretation. The right panel shows the
VD patients, MVD patients, and total patients. *P < 0.05
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Table 2 Univariate logistic regression analysis of the factors inﬂuencing on the signiﬁcant discrepancy (seg-
mental difference score≥ 2) between ATP-MPI and Ex-MPI
Univariate analysis
Odds ratio 95% CI P-Value
MVD 9.00 1.07—75.84 0.043
Low exercise capacity (≤50W) 2.73 0.69—10.79 0.151
Dyslipidemia 4.62 0.54—39.23 0.161
Gender (male) 2.79 0.54—39.23 0.220
Coronary territory (LAD) 2.00 0.51—7.88 0.322
Hypertension 0.62 0.18—2.37 0.426
Diabetes 1.20 0.30—4.36 0.795
CCS classiﬁcation, per I grade increase 1.03 0.39—2.75 0.952
Age (≥65) 0.95 0.23—4.23 0.982
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ﬁCI: conﬁdence interval; MVD: multivessel disease; LAD: le
Cardiovascular Society (CSS) Functional Classiﬁcation of Angin
ial infarction alone, and 7 territories (23.3%) as
nfarction plus ischemia (Fig. 4). On the other
and, Ex-MPI revealed 4 territories (13.3%) as nor-
al, 13 territories (43.3%) as ischemia, 8 territories
26.7%) as myocardial infarction alone, and 5 ter-
itories (16.7%) as infarction plus ischemia (Fig. 4).
f the remaining 21 territories, which were ren-
ered to be normal, both methods identiﬁed all
he territories as normal perfusion. The sensitivity
w
A
h
n
igure 4 The results of adenosine triphosphate disodium str
tress myocardial perfusion imaging (Ex-MPI) of the 30 myoc
ith >75% stenosis (n = 28) or revascularized coronary vessels t
ach territory of myocardial perfusion pattern was deﬁned as ‘
nfarction (ﬁxed defect),’’ or ‘‘myocardial infarction with isc
ndings of stress imaging and rest imaging.nterior descending artery; CCS classiﬁcation: Canadian
f ATP-MPI in detecting territories with abnormal
yocardial perfusion corresponding to the ﬁndings
f CAG was 96.7%, while that of Ex-MPI was 86.7%
Fig. 5). Both the methods showed 100% speciﬁcity
Fig. 5). Therefore, accuracy of ATP-MPI and Ex-MPI
as 98.0% and 92.1% Ex-MPI, respectively (Fig. 5).
lthough the accuracy in ATP-MPI appeared to be
igher than that in Ex-MPI, the McNemar test did
ot revealed the signiﬁcant difference (P = 0.134).
ess myocardial perfusion imaging (ATP-MPI) and exercise
ardial territories corresponding to the coronary vessels
hat were responsible for previous myocardial infarction.
‘normal,’’ ‘‘ischemia (reversible defect),’’ ‘‘myocardial
hemia (incomplete reversible defect)’’ according to the
36
Figure 5 The comparison of sensitivity, speciﬁcity,
and accuracy of adenosine triphosphate disodium stress
myocardial perfusion imaging (ATP-MPI) and exercise
stress myocardial perfusion imaging (Ex-MPI) for detect-
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ischemic areas, Ex-MPI is also considered to be use-ing abnormal myocardial perfusion associated with >90%
coronary stenosis or coronary vessels responsible for pre-
vious myocardial infarction.
There were four MVD patients in whom Ex-MPI
could not detect potential ischemic area that were
revealed to be potentially ischemic both in CAG
and ATP-MPI. Out of four, three patients underwent
coronary artery bypass graft surgery because the
lesions unsuitable for PCI were included in one or
two diseased vessels. The remaining MVD patient
with the discrepancy in RI examinations underwent
percutaneous coronary intervention (PCI) for all
the diseased vessels irrespective of the discrepancy
between ATP-MPI and Ex-MPI. In the patients with
SVD or MVD who had consistent results in three
types of the examination, either ad hoc PCI or
elective PCI was performed for all the diseased ves-
sel(s). Except 1 CTO lesion in a MVD patients, PCI
was successfully performed.
Discussion
The clinical signiﬁcance of stress MPI has been well
established as a noninvasive alternative method to
CAG in detecting CAD [7—12] and in determining
the indication of revascularization [17,18]. Pharma-
cological stress MPI is utilized as an alternative to
Ex-MPI for patients who cannot successfully com-
plete the exercise protocol due to some reasons
such as senility or orthostatic disorder. Ex-MPI is
considered to identify the ischemic zone by detect-
ing the difference in the coronary ﬂow during the
peak exercise. ATP-MPI is considered to identify the
potential ischemic zone by detecting the differ-
ence in the coronary ﬂow reserve during hyperemia.
Although exercise stress is more physiological, it
sometimes fails to detect the potential ischemic
zone due to individual variability in exercise toler-
f
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nce. In the present study, the SSS was signiﬁcantly
igher in ATP-MPI than in Ex-MPI. In the MVD group,
he SDS was also signiﬁcantly higher in ATP-MPI than
n Ex-MPI. These ﬁndings suggest that the ability of
TP-MPI in detecting the potential ischemic area is
uperior to that of Ex-MPI, particularly in patients
ith MVD.
Ex-MPI or pharmacological stress MPI is consid-
red to be useful for evaluating the perioperative
isk [19,20] or predicting the clinical outcome
21—23] by assessing the extent and severity of the
schemic area. Therefore, the difference observed
n the ﬁndings between Ex-MPI and ATP-MPI in the
resent study is signiﬁcant. In the present study,
n patients with MVD who were thought to have
igh risk, ATP-MPI demonstrated more extensive
nd severe abnormal myocardial perfusion than Ex-
PI. In some patients with MVD, Ex-MPI failed to
eveal potential ischemic areas. This limitation of
x-MPI is speculated as follows. During the exer-
ise test, the end-point of exercise protocol was
etermined when ECG showed signiﬁcant changes
hat suggested myocardial ischemia or when the
atient reached the symptom-limited point. At
his point, in patients with MVD, the exercise
tress might be sufﬁcient to induce myocardial
schemia with severe coronary stenosis but might
ot be sufﬁcient to induce ischemia in another
ess jeopardized area. Individual variability in the
ymptomatic limitation might be another reason.
n contrast to the exercise test, a ﬁxed dose of
TP was infused during the ATP stress, which was
ndependent of the individual differences in exer-
ise tolerance. The ﬁxed stress by ATP infusion
ight be associated with the superiority of ATP-
PI in detecting the broad ischemic area in patients
ith MVD.
Our study has several limitations. First, the
umber of studied patients was small, and no sig-
iﬁcant difference was observed in speciﬁcity or
ccuracy between these examinations. This could
e caused by a type 2 error. The limitation by
mall number also hindered multivariate logistic
nalysis which was supposed to be performed for
nspecting the factors inﬂuencing the discrepancy
f the two types of MPI. Second, although a larger
nd severe abnormal myocardial perfusion in ATP-
PI was observed, it does not reﬂect physiological
yocardial ischemia that patients experience dur-
ng their daily life. Although the ﬁndings suggested
hat ATP-MPI was useful for detecting potentialul since this method can clarify the jeopardized
rea where ischemia can be easily induced dur-
ng the daily life of patients. Finally, although the
resent study revealed the speciﬁcity of ATP-MPI
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[omparison of stress MPIs
nd Ex-MPI to be equally 100%, this value is not
ccurate since we determined it only in patients
ith CAD conﬁrmed by CAG and did not include
atients with normal coronary artery.
onclusions
e directly compared the ﬁndings of Ex-MPI and
TP-MPI in same patients with CAD. Although
oth methods showed identical ﬁndings in patients
ith SVD, ATP-MPI demonstrated more extensive
nd severe ischemic myocardium than Ex-MPI in
atients with MVD. This difference should be noted
hen risk stratiﬁcation is assessed based on the
ndings of MPI.
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